Background {#Sec1}
==========

South Africa has the greatest number of people on antiretroviral drugs globally, with approximately 7.7 million people living with HIV (Human Immunodeficiency Virus) and KwaZulu Natal having the highest HIV prevalence rate in South Africa \[[@CR1]\]. The scale of the treatment programme being so huge could lead to challenges in terms of the environment and human health. Recent analysis of drinking water in South Africa has found that pharmaceuticals and personal care products, such as antibiotics, antidepressants, artificial sweeteners, illegal and antiretroviral (ARV) drugs are becoming increasingly common contaminants in drinking water \[[@CR2]\]. These contaminants could lead to detrimental health effects such as contributing to drug resistance, genetic effects, renal failure and impairment of sexual development \[[@CR3]\], as well as impacting the growth, fertility and behaviour of other organisms in our ecosystem \[[@CR4]\].

The possible ways that ARVs get into the waters could be via human faeces, urine and/or improper disposal of unused and expired medicines \[[@CR2]\]. Of concern is that often HIV patients are on more medication than just their ARVs, due to immune-suppression that makes these patients susceptible to opportunistic infections \[[@CR5]\], in which case these medicines could be experiencing the same disposal fate as that of the ARVs and entering the water system. HIV infected patients may not adhere to their antiretroviral treatment (ART) due to various reasons, hence, resulting in an accumulation of medicines. If there is no knowledge on proper disposal methods, then these medicines are found harming the environment.

Inappropriate disposal routes such as the sink, toilet or rubbish are important factors that are contributing to water and ground contamination and the environmental occurrence of pharmaceutically active compounds, which are difficult to remove using traditional wastewater treatment processes \[[@CR6]\]. This could result in ARVs being consumed in drinking water and the possibility of the development of resistance \[[@CR7]\], accidental consumption by children resulting in accidental poisoning \[[@CR8]\] and accumulation of these medicines in aquatic biota directly from the water \[[@CR7]\]. Studies have shown that the majority of patients discard their medication by throwing it in the trash or by flushing it down the sink or the toilet \[[@CR3], [@CR9]--[@CR11]\]. A study done in the United States, found that 53.8% of patients, presenting at outpatient pharmacies, flushed their unused and expired medicines down the toilet and 35.2% rinsed them down the sink, which meant that among the entire population of participants, 89% of their unused and expired medicines were being disposed of in a manner in which they could enter the water system \[[@CR9]\]. Similarly, a study done in Kuwait, also found that among patients at general public hospitals, 76.5% disposed of their unwanted medicines in the trash and 11.2% flushed it down the toilet, a total of 87.7% disposing of medicines in an improper manner \[[@CR10]\].

In South Africa the disposal of medicines is prescribed in terms of Regulation 27 of the Medicines and Related Substances Act 101 of 1965 where the requirement is that medicines should be disposed of in a manner that is irretrievable \[[@CR12]\] and not to be disposed in municipal sewerage systems. Unlike other countries that use drug take back programmes that run at specific periods during the year, South Africa has policies in place that allow patients to return their unused and expired medicines to any pharmacy at any time. Pharmacies store these medicines and employ third party waste management companies to dispose of these medicines \[[@CR12], [@CR13]\], primarily through incineration. The intention is to ensure that there is no harm to the environment or health of humans \[[@CR14]\].Therefore, patients should be informed and requested to return any unused or expired medicines to a pharmacy or health care professional for safe disposal.

However studies have shown that often patients are aware on how to use and store the medication but rarely are they informed about the disposal of such medications \[[@CR15]\]. A study done in KwaZulu Natal, South Africa found that most people are knowledgeable about effective medicine storage, however, there is a lack of adequate information on safe medicine disposal and this could lead to negative consequences \[[@CR16]\]. Similarly a study in Saudi Arabia, in 2017, found that 84% of the outpatient population at a health centre never received any information from their healthcare providers about safe and proper disposal of medication \[[@CR15]\]. Most studies concluded that there is a requirement for the establishment of uniform guidelines and education on the safe disposal of unused and expired medicines amongst the public \[[@CR3], [@CR9]--[@CR11], [@CR15], [@CR17], [@CR18]\]. Therefore, it is clear that patients are lacking information about the proper disposal method and educating patients about safe disposal of their medicines is a crucial step to limit the presence of pharmaceutical waste in the environment.

In addition, some patients often have different beliefs about the way to dispose of pharmaceutical waste than the proper method of disposal. One study found that 21 and 35.7% of the patient population found it acceptable to dispose of medicines by rinsing it down the sink and flushing it down the toilet respectively \[[@CR9]\]. A study done in Kabul, in 2017, among the general population found that 98% of people felt that improper disposal of unused and expired medicines can affect the environment and people's health \[[@CR3]\]. Hence, there is knowledge and understanding about the effect of improper disposal, however, there seems to be lack of knowledge about the appropriate methods of disposal. This lack of knowledge calls for appropriate healthcare professional intervention, in terms of providing valuable education on how to use and dispose of unwanted pharmaceutical waste in an effective manner \[[@CR9], [@CR15], [@CR19]\]. Healthcare professionals who engage with patients should ensure that they provide counselling on the disposal of unwanted medicines and in the case of HIV patients adherence to ARV should be emphasised. There is a dearth of studies done on patients' knowledge and practice of medicine disposal in South Africa. No study has focused on public sector HIV infected patients' knowledge and practices of medicine disposal. Due to the lack of data on this important area of environmental health a study was undertaken to identify to what extent unused and expired ARVs, as well as other unused and expired medicines, are disposed of inappropriately, ascertain the knowledge of HIV patients on safe disposal of medicines and identify if healthcare professionals are informing HIV infected patients about the effective methods of medicine disposal.

Method {#Sec2}
======

Study design {#Sec3}
------------

This study was a descriptive, cross sectional, quantitative study.

Study setting {#Sec4}
-------------

Three ARV clinics attached to 3 public sector hospitals in the eThekwini Metro of KZN, South Africa was selected for the study. KwaZulu Natal is a province located in South Africa with an estimated population size of 11065240 \[[@CR20]\]. There are 10 districts with eThekwini as the metropolitan. South Africa has a two tier healthcare system that comprises of a public sector (run by the government) and a private sector. The public sector health services are divided into primary, secondary and tertiary healthcare facilities. ARV clinics fall under the primary healthcare facilities, primarily run by nurses.

Study population and sample size {#Sec5}
--------------------------------

The study population included all patients 18 years and above or caregivers 18 years above that visited the selected ARV clinics. To estimate knowledge and practices of patients regarding disposal of medicines in public ARV clinics, assuming 95% confidence and an acceptable margin of error of 5%, and maximum variability i.e. 50% (given unknown previous knowledge and practices) a sample size of 385 participants was calculated. The sample was further increased by a margin of 25% to account for potential non-responses, resulting in a minimum sample size of 482 required. Persons who were willing to participate in the study and gave consent were recruited into the study. A non-probability convenience (availability) sampling technique was used to reach the sample size.

Inclusion criteria/exclusion criteria {#Sec6}
-------------------------------------

All persons 18 years old and above who were either HIV positive or took care of a HIV infected person was included in the study.

All persons younger than 18 years old who were neither HIV positive nor taking care of a HIV infected person was excluded from the study.

Research instrument {#Sec7}
-------------------

A structured self administered, anonymous, coded questionnaire was developed. It contained three sections viz. Demographics which included questions on the age, gender, home language, socio-economic status of the participants. The second section was on knowledge, where participants knowledge was defined as knowing that the proper method of medicine disposal was the hospital or pharmacy and the final section had questions on participants practices. The questionnaire was developed using current literature \[[@CR3], [@CR15], [@CR21]\] and adapted to meet the objectives of this study (face validation). The questionnaire was given to 5 postgraduate (PG) pharmaceutical science students who were familiar with the topic to check for ambiguity of questions and the time it took to complete the questions. The questionnaire was also given to 2 academics from the Discipline of Pharmaceutical Sciences, at the University of KwaZulu Natal, who were experts in questionnaire construction. Inputs from the PG and academics were used to amend the questionnaire. Each section gave the participant options to choose from by simply marking a tick or cross next to their preferred choice. The questionnaire was available in English and IsiZulu as they are the most common languages spoken in the province of KwaZulu Natal.

Questionnaire administration and data collection {#Sec8}
------------------------------------------------

The calculated minimum sample size of 482 was divided amongst the 3 selected ARV clinics giving a total of between 161 and 162 participants per clinic. Data was collected between July 2019 and August 2019.On the day of data collection, the researcher addressed all the patients/caregivers who were awaiting medical attention. This method of recruitment was employed to exclude selection bias. Over a period of 8 days, spent at each clinic, a total of 400 people (per clinic) were approached to participate in the study. When the sample size of 161/162 was obtained, per clinic, recruitment drive had stopped and the researcher moved to the next clinic, where the same process was employed, that is, the study was first explained to the patients/caregivers and they were invited to participate. If they agreed to participate, an introductory letter and an informed consent form was given to them. The introductory letter provided more information on the study and also emphasised that even after agreeing to participate they could still withdraw from the study without suffering any penalties or prejudices and that all information will remain confidential. On receipt of a signed informed consent form, a questionnaire was given to the participant in their preferred language, either in isiZulu or English.

This being a voluntary participation study, the researcher did not request any reasons from the patients/caregivers as to why they did not want to participate in the study. The researcher assisted participants who were illiterate by reading the questions and ticking their responses on the relevant questionnaire box.

Data capture and data analysis {#Sec9}
------------------------------

The data was captured from the completed questionnaires onto excel spreadsheets and imported onto SPSS version 25 for statistical analysis. Descriptive statistics were used to summarize the data while the factors associated with knowledge and practices were tested using chi-square tests or Fisher's exact tests as appropriate for independent categorical variables at a 0.05 level of significance.

Ethical considerations {#Sec10}
----------------------

Ethical approval was obtained from the Biomedical Research Ethics Committee (BREC) of the University of KwaZulu-Natal. \[BREC Reference: BE 260/19\].

Results {#Sec11}
=======

Only valid percentages have been reported in the study.

Response rate {#Sec12}
-------------

From a total of about 1200 persons that were approached to participate, 484 persons responded positively to the request, which exceeded the calculated valid sample size of 482. All 484 who responded returned a completed questionnaire.

Demographic of participants {#Sec13}
---------------------------

Of the 484 participants the majority were females (*n* = 344; 71.1%) with the most predominate overall age group being 31 and above (*n* = 365; 75.4%). More than half of the participants (*n* = 298; 62.0%) had secondary schooling (Table [1](#Tab1){ref-type="table"}). Table 1Demographics of the participants (*n* = 484)Number of participants\
Cumulative % (N)Valid Percentages**Gender**Male28.7% (139)28.7%Female71.1% (344)71.1%Transgender0.2% (1)0.2%**Age**18--206.2% (30)6.2%21--3018.4% (89)18.4%31- above75.4% (365)75.4%**Education**Missing responses0.6% (3)no formal schooling6.6% (32)6.7%Primary17.1% (83)17.3%Secondary61.6% (298)62.0%Tertiary14.0% (68)14.1%

Other demographic data of participants {#Sec14}
--------------------------------------

Majority of the participants were able to understand isiZulu (*n* = 447; 92.4%) and English (*n* = 296; 61.2%). A total of 17 languages were indicated as spoken by participants (English, isiZulu, Tsonga, Afrikaans, Tswana, Swati, Southern Sotho, Northern Sotho, Ndebele, Xhosa, Venda, French, Hindi, Shona and Tsingisi).

Nearly, half (42.1%) of the participants lived in an urban area with 58.1% living in a formal house. Over 96% of participants had easy access to water with 81.8% having water inside their house and 68.0% having flush toilets at home.

Participants were taking a median of 2 tablets per a day with a range from 1 to 14 tablets.

Knowledge about medicine disposal {#Sec15}
---------------------------------

Participants knowledge was defined as knowing that the proper method of medicine disposal was the hospital or pharmacy. (Table [2](#Tab2){ref-type="table"}) When participants were asked what they thought was the best method to dispose their unused and expired medicines the most common response amongst the participants was throwing medicines into the bin (44.2%). Nearly a third of participants chose the pharmacy (31.8%) and hospital (33.6%) to return their unused and expired medicine. Overall more than 62% (62.8%) of the participants did not know how to properly dispose of their unused and expired medicines. Table 2Participants response to known medicine disposal routesParticipants responsesNumber of participantsCumulative% (N)Valid PercentageThrow medicines into the binMissing responses7.9% (38)Yes40.7% (197)44.2%No51.4% (249)55.8%Throw medicines into the toilet (PIT)Missing responses8.5% (41)Yes37.8% (183)41.3%No53.7% (260)58.7%Throw medicines into the SinkMissing responses8.9% (43)Yes15.7% (76)17.2%No75.4% (365)82.8%Throw medicines in the SandMissing responses9.7% (47)Yes14.3% (69)15.8%No76.0% (368)84.2%Throw medicines in the BushMissing responses11.0% (53)Yes4.5% (22)5.1%No84.5% (409)94.9%Flush the medicinesMissing responses9.3% (45)Yes31.4% (152)34.6%No59.3% (287)65.4%Give medicines to friends/familyMissing responses10.1% (49)Yes3.5% (17)3.9%No86.4% (418)96.1%PharmacyMissing responses7.6% (37)Yes29.3% (142)31.8%No63.0% (305)68.2%HospitalMissing responses7.6% (37)Yes31.0% (150)33.6%No61.4% (297)66.4%OtherMissing responses99.8% (483)Yes0.2% (1)100%No0.0% (0)0%

Four hundred and twenty participants (87.8%) agreed that medicines were harmful to the environment if disposed of inappropriately and only 28.3% of participants were aware that there are laws in South Africa that govern the way medicines should be disposed of.

Role of healthcare professional {#Sec16}
-------------------------------

More than half of the participant population (*n* = 363; 75%) stated that they were never informed by their healthcare professional on how to dispose of unused and expired medicines effectively and 0.8% were not sure. Of the 24.2% of participants that were informed, most of the participants (59.8%) were informed by a nurse (Table [3](#Tab3){ref-type="table"}). Table 3Participants that were informed by healthcare professionals about the proper method of medicine disposalHealthcare professionalNumber of participants % (N)Nurse59.8% (70)Doctor30.8% (36)Pharmacist11.1% (13)Other9.4% (11)

Factors affecting participants knowledge {#Sec17}
----------------------------------------

Chi square tests were performed to identify factors that influenced participants knowledge. Overall 37.2% of participants knew how to dispose of their unused and expired medicines appropriately. Those who spoke English were more likely to have proper knowledge on medicine disposal (*p* = 0.001) and those with secondary or tertiary education were more likely to have knowledge as opposed to the other education levels (*p* = 0.043). Participants who kept their unused medicines were more likely to know the correct method of medicine disposal (*p* = 0.041).

Participant's disposal practices {#Sec18}
--------------------------------

Of the 484 participants on ARV medication, 139 (28.7%) participants stated that they had unused and expired ARVs at home. Majority of these participants (*n* = 117; 84.2%) indicated that they disposed of the medicines, whilst 12.2% stated that they kept their medicines. A very small percentage of 2.2% stated having used these medicines for decorative purposes whilst 1.4% chose to give their unused and expired ARVs to someone else.

Participant's method of disposal (*n* = 117) {#Sec19}
--------------------------------------------

Of the participants that indicated that they disposed of their unused/expired medicines (*n* = 117; 84.2%), the most common method of disposal was by throwing their unused ARVs into the bin (56.4%) with only 6 and 7% of participants returning their unused ARVs to a hospital or pharmacy respectively (Fig. [1](#Fig1){ref-type="fig"}). Fig. 1Method of disposal of unused/extra ARVs by HIV infected patients

Expired ARVs were disposed of similarly with 58 (41.7%) out of 139 participants throwing their expired ARVs in the bin, 23% of participants throwing them in the toilet and only 4.3 and 7.9% of participants returning their expired ARVs to the pharmacy or hospital respectively.

In addition to this, HIV patients were asked if they had other unused and expired medicines at home, 212 (43.8%) participants indicated yes to this question. More than half of these participants (52.4%) had unused and expired pain medicines, 40.1% had flu medicines, 37.3% had antibiotics, 11.3% had anti-hypertensive, 11.3% had Anti-Tuberculosis medicines, 7.1% had anti-diabetic medicines and 4.1% had antidepressants.

Just over half of the participants (50.5%) disposed of their expired medicines by throwing them into the bin, 33.0% of participants threw these expired medicines in the toilet, whilst 8 and 9.4% returned their expired medicines to a hospital or pharmacy respectively (Fig. [2](#Fig2){ref-type="fig"}). Disposal of unused medicines followed the same pattern. Fig. 2Method of disposal of other expired medicines by HIV infected patients

Factors influencing participants medicine disposal practices {#Sec20}
------------------------------------------------------------

Participants medicine disposal practices were influenced by their knowledge, with those having appropriate knowledge likely to have proper medicine disposal practices (*p* = 0.002) and those participants who were informed by a doctor had a higher likelihood of safe disposal practices (*p* = 0.020). Participants taking more tablets were to a small degree likely to dispose of their medicines in the sand (*p* = 0.058).

Discussion {#Sec21}
==========

Every human has the constitutional right to an environment that is not harmful to their health and well being \[[@CR22]\], environmental health is a growing global concern which requires the identification of hazardous substances and limiting exposure to these substances which could adversely affect human health \[[@CR23]\]. Interestingly, in this study 87.8% of participants knew that improper disposal of medicines are harmful to the environment, this was similar to a study done in Serbia where 66.3% of participants agreed that throwing medicines in the bin has detrimental effects on the environment \[[@CR24]\]. However, participants understanding of the detrimental effects on the environment did not translate to effective medicine disposal practices, since less than 10% of participants appropriately disposed of their medicines by returning their unused and expired medicines to a hospital or pharmacy. This finding was similar to a study done in Indonesia where only 3% of respondents returned their medicines to a pharmacy \[[@CR25]\]. Majority of the participants disposed of their medicine by throwing them into the bin, throwing their medicines and flushing them in the toilet. This result was consistent to the study done in Kabul, where 53.2% of participants disposed of their medicines in the bin and 23.9% flushed their medicines in the toilet \[[@CR3]\]. These findings were similar to studies done in countries such as Kuwait, Saudi Arabia, India and the United Kingdom \[[@CR10], [@CR15], [@CR26], [@CR27]\].

The study identified that 28.7% of participants had unused and expired ARVs at home and 43.8% of participants had other unused and expired medicines, such as antibiotics, flu, pain and anti -Tuberculosis medicines this finding was similar to a study done in the United states where 56% of participants had unused and expired medicines at home \[[@CR9]\]. Of concern was that a small proportion of participants who had unused and expired ARVs at home, chose to keep them at home, this having potential human health risks \[[@CR27]\]. However, of interest was the finding that those participants who kept their medicines had proper knowledge on medicine disposal (*p* = 0.041). The possible reason for keeping the medicines could be the distance from their home to either a pharmacy/hospital where they could return it. Some studies state that poor patient compliance, together with over prescribing by doctors and over dispensing by pharmacists are some of the reasons for the accumulation of unwanted and unused medicines in households and eventually in the environment \[[@CR18]\]. Some participants were also taking chronic medicines for their diabetic and hypertensive medical condition, increasing the number of tablets they had to take per day. However the number of tablets taken per day did not have a significant correlation with their disposal method except when participants threw the medicines in the sand (*p* \< 0.058) there was a slight clinical significance. No other studies could be assessed to confirm or refute this finding.

Of interest was that only 28.3% of participants were aware that South Africa has laws governing the way medicines should be disposed of, similar findings were evident in a study done in Eastern Ethiopia, where 66.9% of the participants did not know about the drug take back system available to them \[[@CR21]\]. In South Africa the laws that prescribe the way medicines should be disposed are written in both English and Afrikaans, Afrikaans was not a common language seen among the participants, instead the majority of the participants spoke and understood isiZulu. Hence, participants inability to understand the laws due to the language it is prescribed in could be the reason why majority of the participants were unaware of the laws governing medicine disposal. Furthermore, participants that had secondary or tertiary level of education (*p* = 0.043) with an ability to speak English (*p* = 0.001) were found to be more knowledgeable about the safe disposal of medicines, emphasizing the importance of language as a tool for effective communication and education.

Overall, 62.8% of the participants still lacked knowledge about the proper way to dispose of unused and expired medicines. This indicates that poor patient education and lack of awareness is ultimately resulting in poor disposal methods which is similar to studies done in United states which found that there is a need for patient education \[[@CR9], [@CR11]\]. In addition a correlation done between participants' knowledge and medicine disposal practices found a significant relation between improper medicine disposal practices and poor knowledge and lack of awareness (*p* = 0.002).

Of concern however, was that three quarters of participants in this study were never informed by a healthcare professional about the safe way to dispose of their medicines. This finding is consistent with the Saudi Arabian study where more than 80% of participants were not informed by their healthcare professional on appropriate medicine disposal practices \[[@CR15]\]. However, of those participants that were informed by health care professionals were mostly informed by nurses, which could be due to the fact that most ARV clinics in South Africa are currently run by nurses, due to the Nurse Initiative Management of Antiretroviral Therapy (NIMART) programme \[[@CR28]\]. In addition to this, this study identified that 71% of participants did not have unused and expired ARVs at home and which could imply that nurses who are in charge of these ARV clinics are ensuring that patients are being counselled effectively to ensure adherence to their ARV treatment regimen. Another interesting finding was that if a doctor informed the participant about medicine disposal, there was a higher likelihood of safe disposal practices by the participant (*p* = 0.020). This could be due to the hierarchy that is prevalent in the health care system where a doctor is always revered for his knowledge when compared to other health care professionals \[[@CR29]\]. Irrespective of what designation one has as a health care professional it is absolutely important for them to incorporate methods into their healthcare practice by which they can educate the general patient population to try and limit the presence of these pharmaceuticals in drinking water.

Therefore, patients need to be made more aware about effective medicine disposal methods and the implications of poor disposal practices, in order to encourage them to dispose of their medicines appropriately. In the United States the Food and Drug Administration (FDA) promotes disposal of unused and expired medicines primarily through drug take back programmes, where medicines are returned to pharmacies, however, they also have a list of medicines that can be flushed down the toilet and further recommend that if patients cannot return their medicines then they should mix their medicines with unappealing substance such as cat litter and dispose of it in the bin \[[@CR30]\]. South Africa has strict policies with regards to medicine disposal \[[@CR12]\], which should be made available to the public in the common spoken languages so that patients become more aware of the laws that govern medicine disposal. Therefore, all stakeholders directly involved with health and environmental issues need to look at current relevant policies and identify how these policies can be amended to ensure proper medicine disposal is being practiced by patients in ways that is convenient and easy for patients to understand and abide to. A similar suggestion to this was made in a Ghanaian study \[[@CR31]\]. There is an increased responsibility placed on healthcare professionals, patients, caregivers and other stakeholders to ensure that the medicines that are intended to treat human diseases are not placing any risks onto the environment or human health and should be safely disposed off.

Limitations {#Sec22}
-----------

Due to the limited number of study sites used and the sample size, the results of this study cannot be generalised to all HIV infected patients in the province of KwaZulu Natal and South Africa. In addition, this being a self-reported study, the reliability of the information collected cannot be substantiated and the direction of correlation may not be causal in this cross- sectional study.

Conclusion {#Sec23}
==========

This study identified that HIV infected patients and /or their caregivers engage in poor medicine disposal practices and lack adequate knowledge on the safe medicine disposal practices. Thus, there is a need for patient education and public awareness on the proper methods of medicine disposal. This places the responsibility on healthcare professionals together with other stakeholders to ensure that patients are provided with accurate information about disposal of their unused and expired medicines. Proper knowledge will limit the quantity of pharmaceuticals that are entering the environment and causing potential risks to human health.

Supplementary information
=========================

 {#Sec24}

**Additional file 1.**

ART

:   Antiretroviral therapy

ARV

:   Antiretroviral

FDA

:   Food and Drug Administration

HIV

:   Human Immunodeficiency Virus

SPSS

:   Statistical Package for Social Sciences

WHO

:   World Health Organisation

NIMART

:   Nurse Initiative Management of Antiretroviral Therapy

**Publisher's Note**

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Supplementary information
=========================

**Supplementary information** accompanies this paper at 10.1186/s12889-020-09018-4.

The authors would like to thank the participants who agreed to participate in the study and the staff at the selected ARV clinics. Great appreciation to the statistician Ms. T. Esterhuizen for the statistical support provided.

PN conceptualised the topic. PM collected and analysed the data, as well as prepared the initial draft manuscript. SB and PN were the supervisors of the project and edited and expertly reviewed the final manuscript. All authors read and approved the final manuscript.

This research was funded by the College of Health Science, University of KwaZulu Natal.

The data analysed and used in this study is available on request from the corresponding author.

Ethical approval for the study was received from the Biomedical Research Ethics Committee and permission to conduct research at the ARV clinics was obtained from the head of management at each hospital and the Provincial Department of Health in KwaZulu Natal. Participants signed a written inform consent upon agreeing to participate in the study.

Not applicable.

All authors declare that they have no competing interests.
